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[Problem] Polymer optical waveguide pattern formation 
method for aperture conversion which connects with 
optical component anddensely makes possible easily is 
offered. 



ofc«*tt«sRa)fta>ffl#t»»icj:ori»*-r4x 



[Means of Solution] As for polymer optical waveguide 
pattern formation method for aperture conversion, step 
which in portionwhich should form optical waveguide 
forms photosensitive substance in layer. Through mask 
vis-a-vis specified part of said photosensitive substance, 
or doing illumination directly, step which forms pattern 
latent image, illumination has step which removes 
other portion of photosensitive substancewhich is not 
done with solvent , furthermore with method 
whichforms optical waveguide pattern which designates 
specified portion where pattern latent image was 
formedas core portion of optical waveguide, 
photosensitive substance is selected densely makes 
featurefiom group which consists of photosensitive 
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oligomer and photosensitive film. 
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[QainXs)] 

[Claim 1 ] Step which in portion which should form opt 
ical waveguide forms thephotosensitive substance in 
layer. Through mask vis-a-vis specified part of said 
photosensitive substance, or doing illumination directly, 
step which forms pattern latent image. Aforementioned 
iUurrdnation had step which removes other portionof 
aforementioned photosensitive substance which is not 
done with solvent , furthermore with method which 
forms optical waveguide pattern which designates 
theaforernentioned specified portion where 
aforementioned pattern latent image was formed as 
thecore portion of optical waveguide, 

Aforementioned photosensitive substance is selected fro 
m group which consists ofthe photosensitive oligomer 
and photosensitive film polymer optical waveguide 
pattern formation method for aperture conversion 
which denselyis made feature. 

[Claim 2] With method which is stated in Claim 1 , 

Step which fills up aforementioned photosensitive substa 
nee which forms theliquid acxarmulating pool 
beforehand in portion which should form 
theaforernentioned optica] waveguide, has become liquid 
in said liquid accxrrruilatrngpool. groove is formed in 
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[4b i] 



both sides of said liquid accumulating pool, atlhe same 
time optical fiber is provided in said groove, step which 
atthe same time does positioning of aforementioned 
photosensitive substance and theaforementioned optical 
fiber which is arranged in aforementioned 
groovefurtherrnore possesses, aforementioned core 
portion and aforemenrionedoptical fiber connect light 
polymer optical waveguide pattern formation method 
for aperture conversion which densely ismade feature. 

[Claim 3] With method which is stated in Claim 1 , 

Step which fills up aforementioned photosensitive substa 
nee which forms theliquid accumulating pool 
beforehand in portion which should form 
theaforementioned optical waveguide, has become liquid 
in said liquid accumulatingpool . groove is formed in 
both sides of said liquid accumulating pool, atthe same 
time microoptical element is provided in said groove, 
step which atthe same time does positioning of 
aforementioned photosensitive substance and 
theaforementioned microoptical element which is 
arranged in aforementioned groovefurtherrnore 
possesses, aforementioned core portion and 
aforementionedmicrooptical element connect light 
polymer optical waveguide pattern formation method 
for aperture conversion which densely ismade feature. 

[Claim 4] With method which is stated in Claim 3, 

Aforementioned microoptical element is selected from gr 
oup which consists ofthe laser diode (LD), light 
emitting diode (LED), and incident light diode (PD) 
polymer optical waveguide pattern formation method 
for aperture conversionwhich densely is made feature. 

[Claim 5] With method which is stated in any Claim o 
f Claims 1 through 4, 

Polymer optical waveguide pattern formation method fo 
r aperture conversion where aforementioned 
photosensitive substance consistsof photosensitive 
oligomer and photoinitiator and densely makes feature. 

[Claim 6] With method which is stated in any Claim o 
f Claims 1 through 5, 

As for aforementioned photosensitive oligomer, General 
Formula (1) 

[Chemical Formula 1] 



*r-* (i) 



y>E*. 7)i*)i&. 7;i/3+vSSfclihU^^ 



(In Formula, Rj ,R2 to show hydrogen atom, halo 
gen atom, alkyl group , the alkoxy group or 
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tP>f^§S^L, x, , x 2 , x 3 127;u*;ug 
&< fciHB<DOHS$St;iIi8»£8*>U Yl* 

[It 3] 

o 



triiluoromethyl group in respective independence, Xi , 
X2 ,X3 toinclude alkyl group , alkyl ether group and 
aromatic ring, to display connecting group whichat same 
time at least includes one OH group, as for Y 

[Chemical Formula 2] 



[Chemical Formula 3] 



mewttta-'j^T-i*, (2) 



Kb 4] 




Polymerization activity basis is shown. ) With it is a epo 
xy oligomer which is displayed and polymer optical 
waveguide pattern formation method for 
apertureconversion which densely is made feature. 

[Claim 7] With method which is stated in any Claim o 
f Claims 1 through 5, 

As for aforementioned photosensitive oligomer, General 
Formula (2) 

[Chemical Formula 4] 



x 1***8*. /\py>g^ 
ZhTFfBst (I) *fctt (II) l:^J*i4i 

[fc5] 

V (I) 



(In Formula, X displays hydrogen atom, deuterium ato 
m, halogen atom , the alkyl group and alkoxy group, 
m displays integer of 1 to 4. As for Z below-mentioned 
Formula (I) or (11) epoxy group whichis shown, 

[Chemical Formula 5] 



Ht 6 ] [Chemical Formula 6] 

N ^Q^o (id 

x, y KDSflEM*£*U y\*x&Vb x,y shows existence fraction of each unit, y to be smalli 

'h£< OTfcottJ:W -e££*i4»ttv'j3-> s goodeven with 0 in comparison with x . ) With it is a 
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(3) 



liquid silicone epoxy oligomer which is displayed and 
polymer optical waveguide pattern formation method 
for apertureconversion which densely is made feature. 

[Claim 8] With method which is stated in any Claim o 
f Claims I through 5, 

As for aforementioned photosensitive oligomer, general 
formula (3) 

[Chemical Formula 7] 



est*, x i***ib^ s**®^ /\ay>jn^ 



[»*9 9] tragi ui^Lsoi^rh^-miz^ 

fiiJlESfctt+'J^V-f*, -flftxt (4) 



[fc 8] 




(4) 



It is a liquid state silicone oligomer which is displayed wi 
th(ln Formula, X displays hydrogen atom , deuterium 
atom, halogen atom , the alkyl group and alkoxy 
group, m displays integer of 1 to 4. x,y shows existence 
fraction of each unit, both x,y are not timeswhen it is a 0. 
Rj , R2 , displays methyl group , ethyl group and 
isopropyl group, Rj and R2 maybe equal. ) and 
polymer optical waveguide pattern formation method 
for apertureconversion which densely is made feature. 

[Claim 9] With method which is stated in any Claim o 
f Claims 1 through 5, 

As for aforementioned photosensitive oligomer, general 
formula (4) 

[Chemical Formula 8] 



=CH-CH 3 



(a*, x /Npy>i^ 

£«-f. x. ytt&JX-y ha>S£M££iFU x, 



It is a liquid silicone vinyl ether oligomer which is displa 
yed with (In Formula, X displays hydrogen atom, 
deuterium atom , halogen atom , the alkyl group and 
alkoxy group, m displays integer of 1 to 4. x,y shows 
existence fraction of each unit, both x,y are not 
timeswhen it is a 0. R, displays methyl group , ethyl 
group and isopropyl group. ) and polymer optical 
waveguide pattern formation method for 
apertureconversion which densely is made feature. 

[Claim 10] With method which is stated in any Claim 
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[fcl 0] 



CH 2 =CH-C-0- 

[fell] 

CH 2 =C C-O- 



of Claims I through 5, 

As for aforementioned photosensitive oligomer, genera] 
formula (5) 

[Chemical Formula 9] 



(In Formula, R] , R2 to show hydrogen atom, halo 
gen atom, alkyl group , the alkoxy group or 
trifluoromethyl group in respective independence, Xl , 
X2 ,X3 toinclude alkyl group , alkyl ether group and 
aromatic ring and display connecting group, asfor Y 

[Chemical Formula 10] 



[Chemical Formula 1 1 ] 



Polymerization activity basis is shown. ) With it is a acr 
ylic oligomer which is displayed and polymer optical 
waveguide pattern formation method for 
apeitureconversion which densely is made feature. 



[00 0 1 ] 



[0 0 0 2] 

*ffi«©«»58»$ft»-r so>iza ur l^* c t fr*o 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] As for this invention, 
general optics field , minute optics field , with useable, 
being something regarding manufacturing method of 
optical waveguide which at sametirne uses polymeric 
material in various optical waveguide , optical integrated 
circuit and optical circuitry sheet etc whichare used 
with optical communication field , and optical 
information field etc, it is superior in theespecially mass 
productivity, it regards polymer optical waveguide 
pattern formation method for aperture conversion where 
atthe same time connection with optical component is 
done easily. 

[0002] 



[Prior Art] Past compared to, rx)lymeric material is suita 
ble being easy thin film formation with such asspin 
coating method and dip method, in order at same time to 
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[0003] St*. K#*-*¥*mtt. BBtt*fci* 
fc*oTBB11*fi±4tffctt»tf«fc**LTl** ( 

M¥3-4 3 4 2 3^«) o K» 



[0004] B«aa)»»*»aBftB*ai:LTtt, 

* * W»» cDS^g * 7 * h □ -y * > 

yfc*iMiaR*a^a (»u&. r^-f Kt^f 

-f7^1 7§646^-y, 1 9 7 8^) N 'JV^ 

ffl (#ttb, I^hDZ^Xlx^- 27|134 
2*-v. 199 1*) . fcckt;B*14S»^**L> 
I4b^hgffll\f:»4 (hUOx^b. SP ! El 
1 7 7#3 9 7^-y, 1 9 8 9*) HT*fc£ 0 Cjl 
b0>££<Bfcfrt?, to<hif35§t±;!><g<. SB1ii= 



[0005] 

[BBtfB%LJ:3j:r«Bfl] LfrU ±Ett*<D 

*&t?i*. B#te»8tLT»#**&fc*tmsffl 
tiTL^ft^fctosaBiBifetBL^L^wai^^B 



produce optical waveguide of ihelarge surface area, it is 
known densely. In addition, manufacturing method of 
optical waveguide which uses this kind of polymeric 
material whenfrom fact that thermal processing step 
with high temperature is not included in case ofthe film 
formation, quartz or other inorganic glass material is 
used comparing, is a benefit that can producethe optical 
waveguide, on substrate where thermal processing with 
high temperature is difficultsuch as semiconductor 
substrate and plastic substrate. Furthermore, also 
production of flexible optical waveguide which utilizes 
characteristic , the for example flexibility and strength 
which polymer has is possible. From such thing, 
optical integrated circuit which is used with field of 
optical cornrnunicationand it produces it is expected to 
large scale * inexpensive densely optical circuitry sheet 
or other optical waveguide part which isused with field 
of optical computing, making use of polymer optical 
material. 

[0003] Until recently, polymer optical material assumed 
that there is a problem in pointof environmental 
resistance such as heat resistance or moisture resistance. 
But, recently, by fact that benzene ring or other 
aromatic group is made to include, or thematerial which 
improves has been reported heat resistance by fact that 
theinorganic polymer is used, ( for example Japan 
Unexamined Patent Publication Hei 3 - 43423 disclosure 
). In addition, polymeric material as description above 
has feature in thin film formationand heat treatment step 
etc, heat resistance and moisture resistance also 
problem which issolved is being improved 

[0004] As known polymer waveguide preparation medio 
d, like below method is known, photo rocking or 
selective photopolymerization method which makes 
monomer include in the namely, polymer, reacting with 
monomer with iUumination , makes refractive index 
difference of theunirradiated portion ( Kurokawa and 
others, Applied optics Vol.71 646 page and 1978), 
application of method which is used for semiconductor 
processingsuch as lithography and etching ( Imamura 
and others, electronics letter , Vol.27 1342 page and 
1991 ), and it is a method ( pick-up Oi7 and others, 
SPIE1 1 Vol.77 397 page and 1 989 ) etc which uses 
thephotosensitive polymer or resist, method where in 
these method, simplicity is highest, is superior evenin 
mass productivity is method ( photosensitive rx>lymer or 
resist is used method ) of pick-up ^ x -y . 

[0005] 

[Problems to be Solved by the Invention] But, with abov 
e-mentioned conventional method, because material 
which consistsof polymer as photosensitive material is 
used, because it is not consideredvis-a-vis problem to be 
solved and in addition transparency that pattern reliability 
in theespecially thick film is low, it had possessed 
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problem to be solved that also waveguideloss is high. 
Therefore, making use of this said material, optical 
component etc which is producedhas had insufficient 
aspect in practicality. In addition in order to increase 
heat resistance, material which includesthe benzene ring 
or other aromatic group has had also another problem to 
be solved that birefringence is large. When polymer thin 
film was formed making use of that kind of material of 
the namely,, molecular chain especially benzene ring or 
other aromatic group light distribution doing insidethe 
thin film, optical anisotropy is revealed Because of this, 
optical waveguide etc which is produced making use of 
the this said material had had polarization dependency, 
assurning, that strength of incident light wasfixed, when 
because output characteristic fluctuates with fluctuation 
of thepolarization aspect, it uses actually as waveguide of 
especially single rncde typeit beccnries problem. In order 
to cancel this kind of polarization dependency, it uses 
combining with the polarizer etc to become necessary 
densely, because constitution of theresult optical device 
considerably becomes complex ones, in regard to utility 
itis not desirable. 

[0006] In addition when offering optical device to utility, 
however economybecomes important, optical 
waveguide and optical fiber , luminescent element or 
photodetector areconnected have become generally 
densely main factor of cost. Because, former 
connection to insert lens system between connector 
itemsin order to adjust shape dimension of mode field 
which differs mutual] ylargely, in order for respective 
optical axis to agree, it is necessarythe fine motion to 
align these, to lock. But in this case, lens system being 
necessary, assembly work beingtroublesome, also 
material consumption * fabrication cost becomes 
expensive. In addition that shape dimension of mode 
field will be adjusted with waveguideprocessing, also 
attempt has done, but, as for control of transverse 
directionbeing a possibility, control of thickness 
direction was very difficult. 

[0007] But, As for this invention considering to this kin 
d of present state, something which itis possible being, 
object solves above-mentioned problem, simple pattern- 
forming ability and issuperior in heat resistance and 
moisture resistance, being simple uses photosensitive 
oligomer , the photosensitive film and liquid state 
photosensitive oligomer to which birefringence is small, 
is superior in the fabricability and densely makes feature, 
it is superior in mass productivity and it isto offer 
polymer optical waveguide pattern formation method for 
aperture conversion where connection with theoptical 
cornponent is done easily. 

[0008] 

[Means to Solve the Problems] In order to solve above- 
mentioned problem, as for polymer optical waveguide 
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pattern formation method foraperture conversion which 
is based on this invention, step which in theportion 
which should form optical waveguide forms 
photosensitive substance in layer. Through mask vis-a- 
vis specified part of said photosensitive substance, or 
doing illumination directly, step which forms pattern 
latent image. Aforementioned illumination has step 
which removes other portionof aforementioned 
photosensitive substance which is not done with solvent , 
furthermore with method which forms optical 
waveguide pattern which designates theaforementioned 
specified portion where aforementioned pattern latent 
image was formed as thecore portion of optical 
waveguide, aforementioned photosensitive substance is 
selected densely makesfeature from group which 
consists of photosensitive oligomer and photosensitive 
film 

[0009] In addition, step which fills up aforementioned p 
hotosensitive substance wherethe polymer optical 
waveguide pattern formation method for above- 
mentioned aperture conversion furthermore, forms 
theliquid accumulating pool beforehand in portion 
which should form theaforementioned optical waveguide, 
has become liquid in said liquid accurnuiatingpool . It 
forms groove in both sides of said liquid accumulating 
pool, atthe same time provides optical fiber in said 
groove, it is possible to besomething which possesses 
step which at same time does thepositioning of 
aforementioned photosensitive substance and 
aforementioned optical fiber whichis arranged in 
aforernentioned groove, in this case, theaforementioned 
core portion and aforementioned optical fiber connect 
light. 

[0010] In addition, step which fills up aforementioned p 
hotosensitive substance wherethe polymer optical 
waveguide pattern formation method for above- 
mentioned aperture conversion furthermore, forms 
theliquid accumulating pool beforehand in portion 
which should form theaforementioned optical waveguide 
as another embodirnent, has become liquid in the said 
liquid accumulating pool. It forms groove in both sides 
of said liquid accumulating pool, atthe same time 
provides microoptical element in said groove, it is 
possible to besomething which possesses step which at 
same time does thepositioning of aforementioned 
photosensitive substance and aforementioned 
rnicrooptical element whichis arranged in 
aforementioned groove, in this case, theaforementioned 
core portion and aforementioned microoptical element 
connect light, preferably and rnicrooptical element are 
selected from group which consists ofthe laser diode 
(LD), light emitting diode (LED), and incident light 
diode (PD). 

[001 1] Preferably and aforernentioned photosensitive su 
bstance consist of photosensitive oligomer and 
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[fcl 2] 



*r* (1) 



[0 0 14] R|, , 

fciiK'J7;u*p>^^ss*L, , xi> , x;, 
feu Yi* 



thephotoinitiator . 

[0012] Furthermore, preferably and aforementioned ph 
otosensitive oligomer are good even withthe any of 
conpound below . namely, General Formula ( 1 ) 

[0013] 

[Chemical Formula 12] 



[0014] (In Formula, Ri ,R2 to show hydrogen atom, 
halogen atom , alkyl group , the alkoxy group or 
trifluoromethyl group in respective independence, Xl , 
X2 ,X3 toinclude alkyl group , alkyl ether group and 
aromatic ring, to display connecting group whichat same 
time at least includes one OH group, as for Y 



[0 0 15] [0015] 

[fcl 3] [Chemical Formula 13] 



[0 0 16] 
[00 17] 
[fcl 4] 

O 

[0018] 0)W£%tiim$*? o ) -eajtiii* 

^>StUi7- ; (2) 
[0 0 1 9] 
[fcl 5] 




(2> 



[0016] a 

[0017] 

[Chemical Formula 14] 

[00 1 8] Polymerization activity basis is shown. ) With ep 
oxy oligomer which is displayed; General Formula (2) 

[0019] 

[Chemical Formula 15] 



[0 0 2 0] (3t«. X /\ 
PV>B?, 7)l*Jl&* 7J13*5/»ML, ml* 
1 -4<7)§S^S-r o ZI*TfE5$ (I) *fctt (II) 



[0020] (In Formula, X displays hydrogen atom , deuter 
iumatom, halogen atom , the alkyl group and alkoxy 
group, m displays integer of 1 to 4. As for Z below- 
mentioned Formula (I) or (II) epoxy group whichis 
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shown, 

[00 2 1] [0021] 

Ut 1 6 ] [Chemica] Formula 16] 

d) 

[0 0 2 2] [0022] 

lit 1 7 ] [Chemical Formula 17] 



o 



(ID 



[00 2 3] x . y lifter. 7 h <0#«n^ S^U [0023] X,y shows existence fraction of each unit, y to b 

ylixcfcy t/h* < Offeottct^) TrS^ft&iS e smaU is goodeven with 0 in comparison with x . ) 

ftv »J a — >x^*^ v^- 'J zfT— ; — ( 3 ) With liquid silicone epoxy oligomer which is displayed; 

general formula (3) 

[00 24] [0024] 

[fci 8] [Chemical Formula 18] 



(3) 




O-Si 



[0025] ca*. xitfcmm*. M7kmm*. *\ 

1~40)g&£S-fo x, y \t%=L=L y h<D#£«£ 
£*L, x, y t t\Z0Vti>Z>Zk\*tjil\ o R 1 , R| 

=|->^»JZ1T- ; -figxfc (4) 



[0 0 2 6] 
[<t1 9] 




(9H 2 ) a 

o 

I 



CH=CH-CH 3 



[0025] Liquid state silicone oligomer which is displayed 
with (In Formula, X displays hydrogen atom , 
deuterium atom , halogen atom , the alkyl group and 
alkoxy group, m displays integer of 1 to 4. x,y shows 
existence fraction of each unit, both x,y are not 
timeswhen it is a 0. Rl , R2 , displays methyl group , 
ethyl group and isopropyl group, Rl and R2 maybe 
equal. ); general formula (4) 

[0026] 

[Chemical Formula 19] 



[00 2 7] (5£<K Xl**^®^ W*m®+. /\ [0027] Liquid silicone vinyl ether oligomer which is dis 

□ 7JU*;ug. T^v^SJiL, ml* played with (In Formula,X displays hydrogen atom, 
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I*. (5) 
[0 0 2 8] 
[<b2 0] 



deuterium atom , halogen atom , the alky! group and 
alkoxy group, m displays integer of 1 to 4. x,y shows 
existence fraction of each unit, both x,y are not 
times\vhen it is a 0. R, displays methyl group , ethyl 
group and isopropyl group. ); or, general formula (5) 

[0028] 

[Chemical Formula 20] 



(5) 



[0029] (a*. Rii . Rj? i*-f-ti-f*iaan* 
feyae»*a*?L. yi*i 

[0 0 3 0] 

Hk2il 



[0029] (In Formula, Rl ,R2 to show hydrogen atom, 
halogen atom, alkyl group , the alkoxy group or 
trifluoromethyl group in respective independence, Xl , 
X2 ,X3 toinclude alkyl group , alkyl ether group and 
aromatic ring and display connecting group, asfor Y 

[0030] 

[Chemical Formula 2 1 ] 



CH 2 =CH-C-0- 



[003 1 ] £fc|*l 
[0 0 3 2] 
lit 2 2] 



f H 3 9 



CH 2 =C C-O- 



[0031] a 

[0032] 

[Chemical Formula 22] 



[0033] a>»sstts$^-r. ) -ea^tt^T^ 

[0034] **B^#bl*. C*lba>B*1i»»35^ 
l/JMtttttt*. SfcMfttt£<l:l/ltatt 
fcWu ««fpi:fl!>»«l^8Slcff 



[0035] tto*,, *^B^trl*. LSIlnUfT? 



[0033] Polymerization activity basis is shown. ) With it i 
s a acrylic oligomer which is displayed 

[0034] As for these inventors, these photosensitive mater 
ial, in addition are superior in heat resistanceand moisture 
resistance with simple patterning talent, birefringence is 
small, polymer optical waveguide pattemfor aperture 
conversion where connection with optical component is 
done easilycan be formed densely discovering, this 
invention it reached to completion. 

[0035] With namely, this invention, in same way as nega 
rive type resist which is used with LSIprocessing etc 
membrane could be hardened with illumination and 
thewaveguide pattern which has smooth wall surface 
with steep by developing with suitable solventcould be 
formed Furthermore control of thickness direction 
became possible by forming liquid accumulating pool 
which controls irradiation dose or depth. In addition 
conventional polymer to thick film formation * 
waveguide processing being very difficult toconfront, 
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[0 0 3 6] HIT, ^^(DrtSS* bl^l¥lBllcKW 

[00 3 7] *38M©xjK*->**U=f7-tt»a)» 
IBfl>*ICJ:4fi(6l=J:oT«*'r4Ci:'Cff*>*i«. 

»f;t,x-fik T1zh?x/> 
JUttifGHBttlbtt. T^t'X^f V^fDih 'J JUftJf 



[0 0 3 8] ^fc^eSOv'JU-^^'J^-W 

4' -v7vK^>1fJl/7-t!h>, 2. 6-v- (4 
' -7v K^>tF;u) 2, 6 - v- 

(4' -7v K^<>+P;U) -4->f;k>^DA^ 

[0039] *«wizftor. i»BLfcB*tt:7-f/u 
a. B*tt*y=r7-»»sffl^T*»a*tftaw" 



[0 0 4 0] 



Being easily waveguide processing possible with thick 
film, in additionwhen conventional aromatic-containing 
polymer optical material forms thin film, it decreased 
birefringence in 1 X 10-3 or lessthe molecular chain vis- 
a-vis having possessed birefringence which in order 
thelight distribution to do is large, polarization 
dependency of optical waveguide which isproduced 
making use of this said material below permissible value 
it is decreaseddensely it made possible, said optical 
material can acquire suitable viscosity which 
corresponds to formanor^fhrmative of thin film with 
adjustment of degree of polymerization. 

[0036] Below, content of this invention is explained flirt 
hermore in detail. 

[0037] Polymerization of epoxy oligomer material of this 
invention is done by fact that withlight between reacted 
group which is included in component which isdisplayed 
with General Formula you polymerize with reaction. In 
order to cause reaction efficiently in fully, photoinitiator 
isadded densely is desirable. As photoinitiator generally 
if something which is used as photoinitiator itshould 
have been, biphenyl triketone benzoin , benzoin methyl 
ether , benzophenone , acetophenone , the diacetyl or 
other carbonyl compound and benzoyl peroxide or other 
peroxide and azobisisobutyronitrile or other azo 
compound making representative ones, it is listed 

[0038] In addition as for polymerization of silicone type 
oligomer material of this invention with reaction of 
photosensitizer andoligomer. azido pyrene or other azide 
compound , 4,4 -di azido benzal acetone and 2,6-di - 
(4' - azido benzal ) cyclo hexa no, 2,6-di - (4* - azido 
benzal ) - 4 - methyl cyclohexanone or other bisazide 
compound , diazo compound is representative ones as 
photosensitizer. 

[0039] Following to this invention, when it produces opt 
ical waveguide before making useof photosensitive film 
and photosensitive oligomer material which you 
inscribed, like below it does,the step it is possible 
densely. You insert namely, photosensitive film and 
oligomer in coating fabric or liquid accumulating on 
substrate or cladding, alignment do and or 
illurrrinationyou do directly through mask, you form 
waveguide pattern portion whichis not irradiated by 
dissolution and removal doing with solvent In this way, 
optical waveguide which is produced is superior in 
solvent resistance, thepolarization dependency is small 
because birefringence of material which in addition 
isused is small, at same time in low wave conduction 
loss, is superior in the heat resistance and moisture 
resistance. 

[0040] 

[Embodiment of Invention] Working Example of polyme 
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[0041] <5mehi >n^ut^mm^^^ 

2fig%£D3gLr;:}8;8l O^igfiiLfco 



[0 0 4 3] 



[ft 2 3] 



r optical waveguide pattern formation method for 
aperture conversion which is based on thethis invention 
is explained below in detail. Of course, this invention is 
not something which is Limited in these embodiment^ 
fact that various modified example and other 
embodiment are possible in theidea of this invention and 
inside its range is person skilled in the art, you 
canunderstand easily. 

[0041] <Working Example 1> It formed polymer optical 
waveguide pattern for aperture conversion like below. 

[0042] First in beginning, epoxy oligomer of liquid state 
which possesses structural formula (6)which is shown 
below and solution 1 0 which adjusted photoinitiator 2 
wt%were prepared 

[0043] 



[Chemical Formula 23] 



[0 0 4 4] (xt4ml*1, 2£fcl*3) 

O^IZ. 11 (a) \Z^+J:o\Z % 3E£ 6 3 /imxfg 
5 0mmx££5 0mmCD;$fi I #)1 1 £JS£ 1 

OO^mOlt^yfflll 2a^Sfil 2 b±lCfl£« 

V«t§il 2 a<0B»T*tt««O. 85/imt'1. 5 2 

1 1 l=±B»an 0?;lALf; o 



[0 0 4 5] £»1 OOaASL B1 (b) Iz^tJ: 

1 3aftt^X^ 1 3$jrLTM 
8(UVft) 1 4$ K7t-A1 2±lCgg|tL 
(01 (c) ) o :Og7X^1 3I^JKfiK$*Lfcft 
1 3 a©«ttft#*fifZ?ftofc-«» 
ffl^52//mT*fey. *«»tf60//mtJSott^ 
o Lfctfot, 1 3 a Otgteg^ 

*flK»oXS««HC*fcLXl*4. ±I5UV3fe1 4 
a>8Mt«t,£*3MH&/<* — >1 3 aa)Ma>SEft:l3i6 

CT. ±ie-^ailw^-r^> 1 7 OOm J/cm2 frb| 
±ISteffia5II^-r^2 0 0 0mJ/cm2 £X*a*&tt 



[0046] UV3fca>BBIt«. KSHV^P/O- 
JU»»£ffll*X81«Lfco 7X^1 3<D5t 

#*v*»Jn7-A<gfcU 01 (d) lc^-T«fc5* 



[0044] (As for n in Formula 1, 2 or 3) 

As next, shown in Figure 1 (a), platform 12 where epox 
y resin 1 2a of thickness 1 00 mwhich possesses liquid 
accumulating 1 1 of depth 63 mX width 50 mmX 
length 50 mm was forrnedon substrate 1 2b was prepared 
index of refraction of this epoxy resin 1 2a was 1 .52 with 
wavelength 0.85 m Continuing, it filled above- 
mentioned solution 10 to liquid accumulating 1 1 of 
platform 12. 

[0045] As after filling solution 10, shown in Figure 1 (b 
), through mask 13 which possesses optical waveguide 
pattern 13a of plural which consists of pattemwhich 
corresponds to ridge ultraviolet light (UV light) 14 was 
irradiated on platform 1 2( Figure 1 (c)). In this case as 
for width of each optical waveguide pattern 1 3a which 
was formed to themask 1 3 one end which parallels to 
longitudinal direction being 52 m , the other end has 
become 60 m Therefore, as for width of each 
optical waveguide pattern 1 3a it has changed in 
continuousalongside longitudinal direction, irradiation 
dose of above-mentioned UV light 14 according to 
change of thewidth of each optical waveguide partem 
13a,to2000mJ/cm2 from 1700 mJ/cm2 for 
theabove-mentioned one end for above-mentioned other 
end it changed in thecontinuous. 

[0046] After irradiating UV light, sample was developed 
making use of theisopropanol solution. As a result, only 
photoirradiated part epoxy oligomer of liquid could 
harden inaccordance with optical waveguide pattern 13a 
of mask 1 3, could produce ridge * pattern 15 of thekind 
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J§tfr$l*&gO. 85/imf1. 5 3 5T'feof: 0 f 
mtf&&0. 85/imtM. 5 2IC^6J:9l-MI»* 



[0047] zo>^oU»mz^oX % B9t*1. 5 

2o>x7ie^>ttn^btt&97^ ki 6<t. i. 53 

5 <D®mmO) 3 70><&tf&ttfi\Zfe o T 5 2 // mfr 
b6 0/lm*-ea«ttfz£fcLfc3 7 1 7 t$wr* 

1 (e) fc<fctf (f ) #CS) . ' 



[0 0 4 8] :07^-Kft>^;i/*S»Bi 

££5(^VdJU £bl:ig50 J/m<tg6 2. 5// 

, MO. 8 5|imT?1 d BUIT. 1. 3//mT1. 
5dBJsA7\ 55//mt3. 0 d BUTFT'fc 

TTffcofc. #A«*<D«a*#ttl*»ft 1 . 

3//mtt;^§1. 55/imt^0. 1dBiilTT?fe 
o*: 0 -<7>ftg;m0)il£l*7 5°C/9 0% 



[0 0 4 9] <HJ6#j2>0 2l*, *Hi£#JKJ:6;fc 

[0050] 02 (a) IC^"T^5fC. Sffi2 

2 b±IZj?£*)<1 00//m^ frO#ff?tf>2 1 

S*ifcxjK**>ttB2 2aHSS^r; h*-A2 
2a£Kttfc. c<Dx?K*^»B©H«*ttafio. 
8 5/fmTH. 52tfcofc. $fc, «B'«)21I1 

Cfftfrtu -«IBS5 2//mtU ftSi^eo 

fllcftoT* ±!B;$BTtf>2 1 ©BSBlcfiB-TS^^ 
h*-A2 2 a±|::V?tf£*:l*&ff2#<D,iaJ2 2 c 
*»J«U mm®2 2 cICG I %Z?T*<t\ (86 2. 
5//m) 2 3fc£l/G I 5fc77-TA (g50//m) 2 
4^^ti^tli2®-r^o *:77^/N , 2 3ti77-f/N' 
2 4 £l*&*?tf>2 1 ^»A/t?5tMzS|S|-r-5o 



[005 1 ] o?l=. »K>*>1 1lz££fl|1THKL 
fc*0>i:H-B*O*ai 0£3ALfc (H2 (a) 
#■) . 

[00521 M1 OOiAtt, 02(b) ic^-r<fc 



of shape which is shown in Figure 1 (d). index of 
refraction after hardening was 1 .535 with wavelength 0. 
85 m. after that, index of refraction at time of 
photocuring being thewavelength 0.85 m on this ridge 
* pattern 15, in order to become 1 .52, furthermore 
thecoating fabric doing epoxy resin which was adjusted, 
hardening, itproduced optical waveguide. 

[0047] With this kind of operation, width of core of inde 
x of refraction ofthe cladding 1 6 and 1 .535 which 
consist of epoxy resin of index of refraction 1 .52 
themultiple modes channel optica] waveguide 1 8 which 
possesses core 1 7 which changes in continuous 
acquiredfrom 52 mto60 m alongside longitudinal 
direction ( Figure 1 (e) and (f) reference). 

[0048] This multiple modes channel optical waveguide 1 
8 was cut in order for one edge to become length of 
the5 cm with dicing saw , when insertion loss was 
measured furthermore makinguse of Gl fiber of diameter 
50 m and diameter 62.5 m, withthe wavelength 0. 
85 m with 1 dBor less and 1.3 m it was a 3.0 dB 
or less with 1 .5 dB or less and wavelength 1 .55 m 
bonding loss of fiber of that time was 0. 1 dB or less. In 
addition, polarization dependency of insertion loss with 
wavelength 1 .3 m and was 0. 1 dB or lesswith 
wavelength 1.55 m Furthermore, loss of this optical 
waveguide 1 above month did notfluctuate in under 
condition of 75 °C/90 %RK 

[0049] <Working Example 2> Figure 2 is something in o 
rder to explain each step of formation method ofthe 
optical waveguide pattern with this working example . 

[0050] First, as shown in Figure 2(a), thickness being 1 
00 m on substrate 22b,the platform 22a which 
consists of epoxy resin 22a where at same time liquid 
accumulating 2 1 was formed was provided index of 
refraction of this epoxy resin was 1 .52 with wavelength 
0.85 m. In addition, as for liquid accumulating 21, 
dimension being thewidth 50 mm X length 50 mm , in 
addition as for depth ( namely, one side is designated as 
52 m, other side is designated as the60 m. ) 
change in continuousfrom one end destined for other 
end In addition, groove 22c of V-shape or rectangle is 
formed on theplatform 22a which is position of both 
sides of above-mentioned liquid accumulating 2 1 
alongside direction where gradient of thisdepth is formed, 
GI optical fiber (Diameter 62.5 m ) 23 and GI optical 
fiber (Diameter 50 m ) 24 arearranged respectively in 
said groove 22c. optical fiber 23 and optical fiber 24 
putting between liquid accumulating 21, it opposes 
mutually. 

[005 1 ] Next, solution 1 0 of thing and same composition 
which in liquid accumulating 1 1 are manufactured with 
Working Example 1 was filled ( Figure 2(a) reference). 

[0052] As after filling solution 10, shown in Figure 2(b), 
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viz. «j?>i;icj*j«-4/^->^btt4«aa)*» 

&8/N-*->2 5 a ££-r£V7^ 25SjrLt^ 
IS (UV*) 26f^77 h^^"-A2 2±|lK|fL 
(i2 (c) ) o C0)B7X^ 2 SCUBja^Jtlfc* 
2 5 aO)«ttft^*|fi|lZ»ofc-«l| 
S^52/imtfcU, ffe3S6M><6 OlimbUvXl** 
o UztfiT. 4*MB/^->2 5aOBIi, 3 
*0>«fci: fctlcft¥»I«llc»orii«Wlc«fcLT 
L*4. ±ISUV3fe2 6(7)rajtaii > ft*»»/^-> 
25a|:JjLTJ$J-l:20O0mJ/cm2 £ Lfc 0 



[00 53] uv*a>rajtft, KI**-fV^P/0 — 

2 5 aClftl\ *SB9t«<D*jfttt<DX 
#**3j-«J=rT-tfMbU 02(d) 
M0 , Jr;-/^->2 7«Slt^f: o «<b&0> 
Btfr¥l*»*0. 85jt/mT*1. 5 3 5t'feof: e f 

fiO. 85/imt?1. 5 2ICfc<5£ 5l-BIS**lfcX 

SLfc: (B2 (e) #R) o 



[0054] zo&otmmz&ix. Htfwi . s 

2 0>X7K*v«llA^b«:-6^ J 7V K2 8t, 1. 5 3 
5fl>BSr*0)=irffiA<fi^|p|l-»oT5 2 //mfr b 
6 0/lm*T-a««lC«ftLfc37 2 7 t*«-r*-7 



[0 0 5 5] ^©T^^-K^^^US&SWMSS 

5l-fflyUiU £ blCgS 0//mig6 2. 5 /i m<7> 
G I 77>f/^L^ftAfi*SISLf:i:C5, X 
gO. 8 5//mt1 dBWT, 1. 3//mt1. 5d 
B£LT. Xftl. 55//mt3. 0 d B JUTT* fc o 
o -t©»<D3tPT-f /<fcO)teSti5fettO. 1 dBJilT 
trfeo/co »Ail*a>««tt#ttl*»ft 1 . 3 

/imt?tll1. 55^/m-CtO. IdBUITtrfeo 
fc, Sbl^ Ca>**»»a>«*f±7 5°C/9 0%R 



[0056] <s«E«3>3te3(aft»s^rt-rs0i:ffl 



[0 0 5 7] C0)Sll6«-eii. fiTFflflli&a (7) T? 
»*4l*»ttv»j3->X^v*iJll-7-t**$ 



through mask 25\vhich possesses optical waveguide 
pattern 25a of multiple which consists of pattemwhich 
corresponds to ridge ultraviolet light (UV light)26 was 
irradiated on platform 22( Figure 2 (c)). In this case as 
for width of each optical waveguide pattern 25a which 
was formed to themask 25 one end which parallels to 
longitudinal direction being 52 m , the other end has 
become 60 m Therefore, as for width of each 
optical waveguide pattern 25a, it has changed in 
continuous with change of depth alongside longitudinal 
direction, irradiation dose of above-mentioned UV light 
26 made 2000 mJ/cm2 in iiniforrnvis-a-vis optical 
waveguide pattern 25a. 

[0053] After irradiating UV light, sample was developed 
making use of theisopropanol solution. As a result, only 
photoirradiated part epoxy oligomer of liquid could 
harden inaccordance with optical waveguide pattern 25a 
of mask 25, could produce ridge * pattern 27 of thekind 
of shape which is shown in Figure 2(d). index of 
refraction after hardening was 1 .535 with wavelength 0. 
85 m after that, index of refraction at time of 
photocuring being thewavelength 0.85 m in this ridge 
* pattern, in order to become 1 .52, furthermore 
thecoating fabric doing epoxy resin which was adjusted, 
hardening, itproduced optical waveguide ( Figure 2 (e) 
reference). 

[0054] With this kind of operation, core diameter of inde 
x of refraction of cladding 28 andthe 1 .535 which 
consist of epoxy resin of index of refraction 1 .52 
multiple modes channel optical waveguide 29 
whichpossesses core 27 which changes in continuous 
acquired from 52 mto60 m alongside longitudinal 
direction. 

[0055] This multiple modes channel optical waveguide 
was cut in order for one edge to become length of the5 
cm with dicing saw , when insertion loss was measured 
furtheirnore makinguse of GI fiber of diameter 50 m 
and diameter 62.5 m, withthe wavelength 0.85 m 
with 1 dB or less and 1.3 m it was a 3.0 dB or less 
with 1.5 dB or less and wavelength 1.55 m bonding 
loss of optical fiber of that time was 0.1 dB or less. In 
addition, polarization dependency of insertion loss with 
wavelength 1.3 m and was 0. 1 dB or lesswith 
wavelength 1 .55 m Furthermore, loss of this optical 
waveguide 1 above month did notfluctuate in under 
condition of 75 °C /90 %RR 

[0056] <Working Example 3> Other than changing com 
position of resin which is used in order toform optical 
waveguide, having with method which is similar to 
Working Example 2 itformed optical waveguide pattern. 

[0057] With this Working Example, channel waveguide f 
or multiple modes was produced making use ofthe 
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Btt»2USBSLfcS»SffllV 



[00 58] 



Hb24] 



-4-o-si-4- 

CH 2 



(7) 



solution which adjusted liquid state silicone epoxy 
oligomer and photoinitiator double quantity which 
aredisplayed with structural formula (7) below . 

[0058] 

[Chemical Formula 24] 



[005 9] C(D*»*B£$y v^^V-lCcfcoT 
5 cm(Dft*lZ«iyaiL. 850/imtg62. 5 /i 

. 1. 3/imTI. OdBJUT. *fi1. 5 5 ju mf 

o. idBKimofc. jbi:, z<D9tmimom 

9t\*7 5°C/9 0%RHO)ftfrTl3te^rt 1 SEKJl 



[006 0] <SMfi«4>*»aBSK«-rS<DlCffl 



[0059] This optical waveguide with dicing saw was cut 
in length of 5 cm, when theinsertion loss was measured 
making use of Q fiber of diameter 50 mandthe 
diameter62.5 m, with 1.3 m it was a 1.5 dB or less 
with 1.0 dB or less andthe wavelength 1.55 m In 
addition, polarization dependency of insertion loss with 
wavelength 1.3 m and was 0. 1 dB or lesswith 
wavelength 1 .55 m bonding loss of fiber of that time 
was 0. 1 dB or less. Furthermore, loss of this optical 
waveguide 1 above month did notfluctuate in under 
condition of 75 °C /90 %RH 

[0060] <Working Example 4> Other than changing com 
position of resin which is used in order tofoim optical 
waveguide, having with method which is similar to 
Working Example 2 itformed optical waveguide pattern 



[006 1 ] ZO)mi&m-<:&. JalTOfltita (8) -c? 



[0 0 6 2] 



Hb2 5] 




(8) 



[0061] With this Working Example, channel waveguide f 
or multiple modes was produced making use ofthe 
solution which adjusted liquid state silicone epoxy 
oligomer and photoinitiator double quantity which 
aredisplayed with structural formula (8) below . 

[0062] 

[Chemical Formula 25] 



[0 0 6 3] ca>5fe»»B£*y 5/>{rv-i:*ot 

5cm0)fi*l:«|yajU 850^mt862. 5 V 
m(DG I 77-f/t*ffllvcWAtB*£aSLfci:C* 



[0063] This optical waveguide with dicing saw was cut 
in length of 5 cm, when theinsertion loss was measured 
making use ofGI fiber of diameter 50 mandthe 
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. 1. 3jimT'1. OdBlUT. 5 5umX< 

&l£7 5°C/9 0%RHO)£ftTllfcl>r4, 1 



[0 0 6 4] <mmm5>9tmim£tef&tz>(D\zm 



diameter 62.5 m, with 1.3 mit was a 1.5dBorless 
with 1.0 dB or less andthe wavelength 1.55 m In 
addition, polarization dependency of insertion loss with 
wavelength 1 .3 m and was 0. 1 dB or lesswith 
wavelength 1 .55 m bonding loss of fiber of that time 
was 0. 1 dB or less. Furthermore, loss of this optical 
waveguide 1 above month did notfluctuate in under 
condition of 75 °C /90 %RR 

[0064] <Workmg Example 5> Other than changing com 
position of resin which is used in order toform optical 
waveguide, having with method which is similar to 
Working Example 2 itforrned optical waveguide pattern. 



[006 5] TfttSilzt (9) ra**i6»ttS/'J=i 



[0 0 6 6] 



[<b26] 




(9) 



[0 0 6 7] (i£*X : Y = 7 : 5) 

ZO^MSMitf^ V-lCcfc or 5 c m(»gj 

iCffllJffiU g5 0//mtg6 2. 5/im0GI77 
^/*£ffll*r»A»$fc£»ISLfc£C5, 1. 3 lim 
r*0. 1 d B JUT* 1 . 55//mT?1. 5 d Bia 

T-eftofc. *fc, ffA*ftaaxtM*tti*at« 1 . 

3//mt'tMl. 55//mtt0. 1 d BJUTrfc 
ofco -K^WF^^T-f/^iKDjSSli^liO. 1 dBJil 
Trfeo/io SblC. C(DftS*i»<Z>tI*l*7 5°C/ 
9 0%R HtDftfrTlCfe^r t 1 BfllsUlMfcLtt* 



[0068] <SJKffl6>%9iSB$»A-r«a)icffi 
a>*a-ctorjfe»a»/<*->a>»**fTofc. 



[0065] Channel waveguide for multiple modes was prod 
uced making use of solution whichadjusted hquid state 
silicone oligomer and phototnitiator double quantity 
which are displayed with thebelow-mentioned structural 
formula (9). 

[0066] 

[Chemical Formula 26] 



[0067] (X in Formula Y=7: 5) 

This optical waveguide with dicing saw was cut in lengt 
h of 5 cm, when theinsertion loss was measured making 
use of GI fiber of diameter 50 m andthe diameter 62.5 

m, with 1.3 mit was a 1.5 dBor less with 0.1 dB 
or less andthe wavelength 1.55 m In addition, 
polarization dependency of insertion loss with 
wavelength 1 .3 m and was 0. 1 dB or lesswith 
wavelength 1 .55 m bonding loss of fiber of that time 
was 0. 1 dB or less. Furthermore, loss of this optical 
waveguide 1 above month did notfluctuate in under 
condition of 75 °C /90 %RR 

[0068] <Working Example 6> Other than changing com 
position of resin which is used in order toform optical 
waveguide, having with method which is similar to 
Working Example 2 itforrned optical waveguide pattern 



[0 0 6 9] tUt>*>. TfEffitiS ( 1 0) rssti 
Mte«2M£HBLfc»*£ffll*fc. 



[0069] Solution which adjusted liquid state silicone vinyl 
ether oligomer and photoinitiator double quantity which 
aredi splayed with namely, below-mentioned structural 
formula (10) was used 
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[<b27] 




(CH 2 ) 2 



0-CH=CH-CH 3 



[0070] 

[Cherrdca] Formula 27] 

(10) 



[007 1 ] »b*Lfc*MBSy-fy>yvH:J: 
oT 5 cmtf):g$lH2)ytiJU g50//mtg62. 
5/im<7)G I ?7-f/<£fl§l*T»AS*£ai£Lfc£ 
Co, 1. 3//mt'1. 0 dBlUT. Sfcfil . 5 5// 
mTM. 5dBiaTt'feof: 0 #A!H&a>ffi3t 
ttStt(*«ft1. 3/imT't»fil. 55/imt'tO 
. 1 d BHTtfcofc, -t<DR(D77-f /^irtDte^ll 
*I40. 1dBWTt*ofco C(D;fcg&S& 
0)*ifcl*7 5°C/9 0%RH<B3M*Tl::j3l*Ti 1 1 



[0 0 7 2] <HtB«7>*«i»8S^fifr6a>lzffl 



[0071] Optical waveguide which it acquires with dicing 
saw was cut in length of the5 cm, when insertion loss 
was measured making use of GI fiber of thediameter 50 
m and diameter 62.5 m, with 1.3 m it was a 1.5 
dB or lesswith 1 .0 dB or less and wavelength 1 .55 m 
In addition, polarization dependency of insertion loss 
with wavelength 1 .3 m and was 0. 1 dB or lesswith 
wavelength 1.55 m bonding loss of fiber of that time 
was 0. 1 dB or less. Furthermore, loss of this optical 
waveguide 1 above month did notfluctuate in under 
condition of 75 °C 190 %RR 

[0072] < Working Example 7> Other than changing com 
position of resin which is used in order toform optical 
waveguide, having with method which is similar to 
Working Example 2 itformed optical waveguide pattern. 



[0 0 7 3] zommmX'l*. JUTK^Lfcfllfia ( [0073] With this Working Example, acrylic ohgomer of 1 

1 1) ttt&fefttoTO U;U*y=fT-fc*«ftlB jquid state which possesses structural formula 

56*1 2 Bfi£IH8 Ltzm&Zm® Ltz 0 (1 l)which is shown below and solution which adjusted 

photoinitiator doublequantity were prepared 

[0 0 7 4] [0074] 

Kb 2 8 1 [Chemical Foirnula 28] 



i! 
O 



[0 0 7 5] ffSLfc^^t-KffljfeaSaR^y-f 
v>^V — lC«ko"C5 cmO)ft*lZ«!jyttSL. S50 

*SaiSLfctC% % 1. 3//mt*1. 0 d BUT. 
Xfil. 55/imTM. 5dBWK'feo/: 9 St 
» A»5fc©«»ttcEtt 1 . 3/imT't;Ml. 
55//mtt,0. 1 d B&T-efcofc. *a>B#(D77 

-f/<ta>edH*i*o. i d B&T-e&fc. *biz % 

CCO3fcg&&&0>S£l*7 5°CX9 0%RHO^<*TIC 



[0075] Optical waveguide for multiple modes which it pr 
oduces with dicing saw was cut inthe length of 5 cm, 
when insertion loss was measured making use of theGI 
fiber of diameter 50 m and diameter 62.5 m, with 1. 
3 mitwasa 1.5 dB or less with l.OdBorless and 
wavelength 1 .55 m In addition, polarization 
dependency of insertion loss with wavelength 1 .3 m 
and was 0. 1 dB or lesswith wavelength 1 .55 m As 
for bonding loss of fiber of that time fc it is with 0.1 dB 
or less. Furthermore, loss of this optical waveguide 1 
above month did notfluctuate in under condition of 75 
°C/90%RR 
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[0 0 7 6] <Slt6«8>HJfi«2r-fflL^fca[«a)v 



[007 7] £t\ H2 (a) iC^-Tcfc^lC. g*g 2 

2 b±lcS$jb<i 0 o^mT. froXtttf^ 1 A<fi$lS 

2S8i+fc. za>X7K*^»B0>B«r»tta*O. 8 
5|/mt1. 5 2 T'&^fco 2 1 II 

atf«50mmxftj50mmt'felj, *fc-tO)3ES 

i*-tt^6»*iciPiJtra«MiiSfc-r6ta)t Lfc 

Ctfcfr*), -agfi!l$4 8jUmi:L. *M*ffl£4/<m 

-A 2 2 a±lCV*tt*fcttffi^«0)3l«2 2 cB 
JScU mm^Z 2 clIU- tfrfcjjg «6«««0. 85 
//m) 2 3fc*tfa3feS 2 4£#B £ f#>2 1 

S23 (DfgftSBli 2x5/im, g3fe2f 2 4 (Dgft® 
1*5 Oiimgt'Wo ! 



[0 0 7 8] icutttfliTHBL 
#B) o 

[0 0 7 9] OOJiAi, 02(b) iC^fJ: 

2 5 a ^t^)7^^ 2 5£:f>LT3m 
ISi (UV*) 2 6$^7^h7t-A2 2±l:ISWL 
tz (12 (c) ) 0 ZOfg-ZXt 2 5\Zftm£tltz& 
2 5 aa>«lifi¥*|fiHC;ttofc-4* 

LB^r, ft*»a»/^->2 5a©«tt. a* 

ha ±IBU Vft2 6 08BWSI*, ftg;&8&/^->2 
5 a lift LT&J-C: 2000mJ/cm2 <>: Lfr 0 I 



[0080] UVftCDBStaL KfiHV^P/^- 

»*»/^->2 5 alltttV #!®lt^<D*;$#a)X 
#*v*»J:J7-tf«fl;U i2 (d) lC^1-<fc5& 
ft»'J'yv-/^->2 7Wg-(?^:o BfcBfl) 
Elfr^lSft^O. 85/imTM. 5 2 TJ'fe o tz Q 

B. C©«J^s;-/^->|C3lfeBfc»a)B«r«<aB 
0. 85/imT?1. 5 2IC^^>J:5lC||g^4x/;X7K 

&lcB*LTBfc**. 7/u**-K* 



[0076] <Working Exanple 8> Producing multi channel o 
ptical waveguide alongside step which is shown in 
Figure 2 > making use of solution which is manufactured 
from silicone epoxy oligomer and thephotoinitiator 2 
wt% of liquid state which is used with Working 
Example 2, interconnect it did thetransrrrission and 
reception device. 

[0077] First, as shown in Figure 2(a), thickness being 1 
00 m on substrate 22b,the platform 22 which 
consists of epoxy resin 22a where at same time liquid 
accumulating 21 was formed was provided index of 
refraction of this epoxy resin was 1 .52 with wavelength 
0.85 m In addition, as for liquid accumulating 21, 
dimension being thewidth 50 mm X length 50 mm , in 
addition as for depth ( namely, one side is designated as 
48 m, other side is designated as the4 m. ) 
change in continuousfrom one end destined for other 
end It forms groove 22c of V-shape or rectangle on 
platform 22a which isposition of both sides of above- 
mentioned liquid accumulating 21 alongside direction 
where gradient of this depth is formed, thelaser light 
source (excitation wavelength 0.85 m)23 and light 
receiver 24 puts between liquid acoimulating 2 1 in the 
said groove 22c and in order to oppose mutually, it 
arranges in addition. Here, as for light-emitting surface 
area of laser light source 23 as for light-receiving 
surface of 2 X 5 m andthe light receiver 24 it is a 50 
m diameter. 

[0078] Next, solution 10 of thing and same composition 
which in liquid accumulating 1 1 are manufactured with 
Working Example 1 was filled ( Figure 2(a) reference). 

[0079] As after filling solution 10, shown in Figure 2(b), 
through mask 25which possesses optical waveguide 
pattern 25a of multiple which consists of patternwhich 
corresponds to ridge ultraviolet light (UV light)26 was 
irradiated on platform 22( Figure 2 (c)). In this case as 
for width of each optical waveguide pattern 25a which 
was formed to themask 25 one end which parallels to 
longitudinal direction being 48 m , the other end has 
become 4 m Therefore, as for width of each optical 
waveguide pattern 25a, it has changed in continuouswith 
change of depth alongside longitudinal direction 
irradiation dose of above-mentioned UV light 26 made 
2000mJ/cm2 in urrifoirnvis-a-vis optical waveguide 
pattern 25a. 

[0080] After imdiatingUV light, sample was developed 
making use of theisopropanol solution. As a result, only 
photoirradiated part epoxy oligomer of liquid could 
harden inaccordance with optical waveguide pattern 25a 
of mask 25, could produce ridge * pattern 27 of thekind 
of shape which is shown in Figure 2 (d). index of 
refraction after hardening was 1 .52 with wavelength 0. 
85 m after that, index of refraction at rime of 
photocuring being thewavelength 0.85 m in this ridge 
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*>*rtofe3JSM&2 9£ttHLfc (B2 (e) *!S) 



[008 1 ] C(D«fc?ti:fiftl:«fcot. 5 
ZOUifs^^m^U^^V K2 1. 5 3 

5<DBflr¥<&:3 7gA<S*»Al::;GoT4 8 mfrb 
2 m*-ca»»lZtt<b Lfc3 7 2 7t 

200tf*btlfc (12 ( f ) *R) 0 



[0 0 8 2] C<D7ju**-K**>*^5fc»*BiI§ 
f2007MSif/WXj'f>^-^t^ h LT 
*«*ALfcfcC^ £<Iffl(DiS618**<0. 3dB 



[0 0 8 3] <|llfi«9>3lli«3■rfflL^fca[tt(7)v 



[0084] c<r>ck5i3Lt»b*ifc"7;u5 1 ^ L ^>* 

^ hLfcSiKB*^ 2 0 0*<ffS"C*fc (112 (e) 

) o co>*aiaBi=2 2*y*t»ALfci:c%, e 



[0 0 8 5] <jtlfi«1 0>Sttfi«4-Cffl^fcj*tt(D 
•>«j3->X7K*->^iJ^v-fc3lt»fi|IBte«2M 

^(^ LT. S 2 iCiF-f XfflC;floT^;U*** 

hLfc 0 



[0 0 8 6] Z(DJ:9lcL"C#b*tfcT;U^^v>* 

;u#£;fcft£ffli>T#&amT/\Vx£^>*-zi* 

^ hLfc*»aBJIHF2 0 03J«fMI'Ctfc (02 (f 
) ) o C0**»BlC2 2*y*£j»ALfciC*u 
8S»*0. 3dB. SXfl<DttMlftA<0. IdB 



[0 0 8 7] <HS6ffi)1 1 >3ltt«5T-ffll*fc»tt(D 

•>ya->x^>* , ;^T-fcjt»eBB>s»i2a« 

ttl^LT. B2lz*1-XSlC;ttoT-7^^v>*;u 
%«XB«(1s||LrSSfll7/W^«^>»-ii*9 
hLfco 



* pattern, in order to become 1 .52, furthermore 
thecoating fabric doing epoxy resin which was adjusted, 
hardening, i (produced multiple modes channel optical 
waveguide 29 ( Figure 2 (e) reference). 

[008 1 ] With this kind of operation, core diameter of inde 
x of refraction of cladding 28 andthe 1.535 which 
consist of epoxy resin of index of refraction 1 .52 
optical waveguide element 200 which hasthe multiple 
modes channel optical waveguide 29 which possesses 
core 27 which changes in continuousacquired from 48 
mto2 m alongside longitudinal direction (Figure 2 
(f) reference). 

[0082] Interconnect doing optical transmission and rece 
prion device with this multiple modes channel optical 
waveguide element 200, when it introduceslight, bonding 
loss of transmitting side bonding loss of 0.3 dB and 
called side wasthe 0. 1 dB extent. 

[0083] <Working Example 9> Other than using solution 
which is manufactured from silicone epoxy oligomer 
andthe photoinitiator 2 wt% of liquid state which is used 
with Working Example 3 producing themulti channel 
optical waveguide with as similar to Working Example 8, 
is shown in Figure 2 alongsidethe step which, 
interconnect it did transmission and reception device. 

[0084] Interconnect is done waveguide element 200 whi 
ch could produce optical transmission and reception 
devicemaking use of multi channel optical waveguide 
which it acquires in this way ( Figure 2 (e)). In this 
optical waveguide from 22 when light is introduced, 
bonding loss ofthe bonding loss 0.3 dB and incident 
light side was 0. 1 dB extent. 

[0085] <Working Example 1 0> Other than using solution 
which is manufactured from silicone epoxy oligomer 
andthe photoinitiator 2 wt% of liquid state which is used 
with Working Example 4 producing themulti channel 
optical waveguide with as similar to Working Example 8, 
is shown in Figure 2 alongsidethe step which, 
interconnect it did transmission and reception device. 

[0086] Interconnect is done optical waveguide element 2 
00 which could produce optical transmission and 
reception devicemaking use of multi channel optical 
waveguide which it acquires in this way ( Figure 2 (f)). 
In this optical waveguide from 22 when hght is 
introduced, bonding loss ofthe bonding loss 0.3 dB and 
incident light side was 0. 1 dB extent. 

[0087] <Working Example 1 1 > Other than using solution 
which is manufactured from silicone epoxy oligomer 
andthe photoinitiator 2 wt% of liquid state which is used 
with Working Example 5 producing themulti channel 
optical waveguide with as similar to Working Example 8, 
is shown in Figure 2 alongsidethe step which, 
interconnect it did transmission and reception device. 
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[0088] Z<D£o\ZLT'&t>*ltz^)l??V^* 

0 Hfc*»*8*^2 0 0tftt8t'ffc (02 (f 
) ) c c<D*»»Kl::2 2«fcyft$»ALfc£::*K 
££ii£o. 3dB. S%flia>^tS^<o. idB 



[oo8 9] <jtnsfiqi 2>nmm6vm^tz&ft<r> 

v y a 'J =f -7- 1 2 MS 

% t b us $ *ifc*a £ ffl l^c iam*S6ififfl 8 1 m 

h Lfco 



[0090] C0)cfe5l3LT»btlfc-7^^^-v>* 
*S£ffl£0. 3 dB, S63feffl(Oe^a*A<0. IdB 



[0091] <$ftffi 1 3 > □S£»£ffl#?%9B 



[0088] Interconnect is done optical waveguide element 2 
00 which could produce optical transmission and 
reception ctevicemaking use of muJti channel optical 
waveguide which it acquires in this way ( Figure 2 (f)). 
In this optical waveguide from 22 when light is 
introduced, bonding loss ofthe bonding loss 0.3 dB and 
incident light side was 0. 1 dB extent. 

[0089] <Working Example 1 2> Other than using solution 
which is manufactured from silicone epoxy oligomer 
andthe photoinitiator 2 wt% of liquid state which is used 
with Working Example 6 producing themulti channel 
optica] waveguide with as similar to Working Example 8, 
is shown in Figure 2 alongsidethe step which, 
interconnect it did transmission and reception device. 

[0090] Interconnect is done optical waveguide element 2 
00 which could produce optical transmission and 
reception devicernaking use of multi channel optical 
waveguide which it acquires in this way ( Figure 2 (f)). 
In this optical waveguide from 22 when light is 
introduced, bonding loss ofthe bonding loss 0.3 dB and 
incident light side was 0. 1 dB extent. 

[0091] <Workdng Example 13> It formed polymer optic 
al waveguide pattern for aperture conversion like below. 



[009 2] *?\tCto\z* mmmi tmmom^ [0092] First in beginning, epoxy oligomer of liquidstate 

( 6 ) £*rf a&ttCBXTK* U 1 3fc«£BB which possesses structural formula (6)which is similar 

K»2ll%$UBLfci8*3 0$*iLfc o to Working Example 1 and solution 30 which adjusted 

photoinitiator 2 wt%were prepared 

[0093] [0093] 

Mb 2 9 ] [Chemical Formula 29] 



3 OH 



(6) 



[0094] 13 (a) \Z^?£?\Z^ 

2 00//m-3O0//mXlg5Ommxf ^5 0mm 

3 2 aA<*«3 2 b±lC»«**lfc^^ 

l:;^t, &Vttb3 1 (Dmmizv^yttitzit&f&Vto 
M2&2 2 c£JBfiEU 2 cICtMVT^^^ K 

• Z?T4/\3 9fcJ:t/LED30 1 £ tfr^tl&mt 
*o C0X**v«8t1 2 aa>HST*tt«fiO. 85 
/imt'1. 52TJfeof- 0 O^T. h?*- 
A 3 2 oa^A 3 1 lZ±Ej8» 3 O £ a A L fc . 



[0 0 9 5] Sfcl OCO&A&. 13 (b) ICsf**-* 



[0094] As next, shown in Figure 3 (a), platform 32 whe 
re epoxy resin 32a of thickness 500 mvvhich 
possesses liquid accumulating 31 of depth 200 m- 
300 m X width 50 mm X length 50 mm was 
formedon substrate 32b was prepared In addition, 
groove 22c of V-shape or rectangle is formed in theboth 
sides of liquid accirrrnjlating31 alongside direction 
wherethe gradient of depth is formed, rx)lyrner cladding 
* fiber 39 and LED 301 are arrajigedrespectively in said 
groove 32c. index of refraction of this epoxy resin 1 2a 
was 1 .52 with wavelength 0.85 m Continuing, it 
filled above-mentioned solution 30 to liquid accumulating 
31 of platform 32. 

[0095] As after filling solution 1 0, shown in figure 3 (b 
), through mask 33 which possesses optical waveguide 
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3 3 a ££-f£-7X? 33J^LT^ 
& (UV#) 34j^77h7t-A32±l:I^L 
(03 (c) ) o 3 3\ZBtfLZtitz& 

3tS^ffi/^->3 3 a<Dt&\Z&ttfa\Zfe-Dtz-ffi 
W200^mtS)y. MW3 00//mt4'ot 
l>6o Lfc^ot, &#3&&&/n*->3 3 a(Diffi|£ 

3 4 0KB^gt&*W^SS/^->3 3 a(Dig(D^^ 
IZffcCT. ±8e-*^aiC^-r-6l 7 00mJ/cm2 
frZ>±fcm&tt\zMt& 2O00mJ/cm2 £T*il 

&Ml::£lb£trfc 0 ! 



[009 6] u vftomiti'ik. unz* V^D/<y- 

g&S&A*->3 3 aClftlV 7^lt^<D^;$#<7>x 
7K^v^'J=»"7-^^L. i3 (d) iZTFt^oU 

HSr*l*»fiO. 85/imt'1. 5 4T'fcof- 0 

:<D'J^V' /<^->lc*BHbW0))B»T*6<»ft 
0. 85/imt'1. 5 1 llfc6<fc5KBS**lfcX7tf 



[009 7] ZO&otmmz&iT. B8r*l. 5 
1 0I*+*>MII^ bfti^ 7 7 K 3 6 fc , 1. 5 4 

b3 0 0//m*t'aa«l:SfcLfca73 7 £ £ 
S 7 Jl/f^- Kf ^ >^ 3 8 Mil b tl/: ( 

03 (e) #BB) 0 ! 



[0 0 9 8] :^7;i,f^- K^>*;u5fc3lftS§3 

8 ^ y-f V>^ V-IC cfc 5 c m(DS^ 

&2 3 0 /imCDtfU"*^ V K' 77^/^39 
r»AH*$ai£Lfci:C5. »«0. 85//mT*1 
d BUT. 0. 6 3 3/i mTJ 1 d BlilT. 1 . 3 

/imt'3. OdBiaTt'feofco ^0B|(D7 7^/\'(i: 
<7>*S£Ji*l*0. 1 dBKlTr**ofc ft *tz. »A» 
*(Dfl»«»1ttt*fi 1 . 3/imtt»gl. 55/i 
mt'tO. 1 d BliLT-Cfeo/cc $b(C. ZOltmfo 
8&<7>*lfcl*7 5°C/9 O%RH0£#T(Cfcl>Tt 1 
fflflW±S»|Lft^-3/=. £h>\Z % M3 (f) ICtf^ 

:07^-Kf^^«i8B3 8O) 

#SB^3 0 0T'^-rzirg3 00/imiCLED ( 
Sgft®fg2 5 0/irrK £ft£ft0. 66/im) 30 1 



pattern 33a of plural which consists of patternwhich 
corresponds to ridge ultraviolet light (UV light)34 was 
irradiated on platform 32( Figure 3 (c)). In this case as 
for width of each optical waveguide pattern 33a which 
was formed to themask 33 one end which parallels to 
longitudinal direction being 200 m , the other end has 
become 300 m Therefore, as for width of each 
optical waveguide pattern 33a it has changed in 
continuousalongside longitudinal direction, irradiation 
dose of above-mentioned UV light 34 according to 
change of thewidth of each optical waveguide pattern 
33a, to 2000 mJ/cm2 from 1700 mJ/cm2 for 
theabove-mentioned one end for above-mentioned other 
end it changed in thecontinuous. 

[0096] After irradiating UV light, sample was developed 
making use of theisopropanol solution. As a result, only 
photoirradiated part epoxy oligomer of liquid could 
harden inaccordance with optical waveguide pattern 33a 
of mask 33, could produce ridge * pattern 35 of thekind 
of shape which is shown in Figure 3(d). index of 
refection after hardening was 1 .54 with wavelength 0. 
85 m after that, index of refaction at tune of 
photocuring being thewavelength 0.85 m in this ridge 
* pattern, in order to become 1.51, furthermore 
thecoating fabric doing epoxy resin which was adjusted, 
hardening, itproduced optical waveguide. 

[0097] With this kind of operation, width of core of inde 
x of refaction ofthe cladding 36 and 1 .54 which consist 
of epoxy resin of index of refaction 1 .5 1 themultiple 
modes channel optical waveguide 38 which possesses 
core 37 which changes in continuous acqiuredfrom 200 
m to 300 m alongside longitudinal direction ( 
Figure 3 (e) reference). 

[0098] This multiple modes channel optical waveguide 3 
8 was cut in order for one edge to become length of 
the5 cm with dicing saw , furthermore with internal 
diameter 200 m, when insertion loss wasmeasured at 
same time making use of polymer wobble o £ * fiber 
39 oftheouter diameter 230 m, with wavelength 0.85 

m with 1 dB or less and 0.633 m it was a 3.0 dB 
or less withthe 1 dB or less and wavelength 1 .3 m 
bonding loss of fiber of that time was 0.1 dB or less. In 
addition, polarization dependency of insertion loss with 
wavelength 1.3 m and was 0. 1 dB or lesswith 
wavelength 1.55 m Furthermore, loss of this optical 
waveguide 1 above month did notfluctuate in under 
condition of 75 °C /90 %RH Furthermore, as shown 
in Figure 3 (f), LED ( light-emitting surface area 250 

m and excitation wavelength 0.66 m)301 was 
mounted onthe core diameter 300 m side which is 
shown with reference number 300 of this multiple 
modes channel optical waveguide 38, optical coupling 
was done. As a result, bonding loss of LED and optical 
waveguide was satisfactory value of thel dB extent 
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[0099] According to polymer optical waveguide pattern 
formation method for aperture conversion which is 
based on the Working Example 1 to 13 above, above- 
mentioned photosensitive material which is used for said 
Working Example 1 to 1 3 inaddition to be superior in 
heat resistance and moisture resistance with 
sinplepattem-forrning ability, because birefringence is 
small, you connect with optical component easily, 
densely it makes possible. 

[0100] 

[Effects of the Invention] As above explained, polymer o 
ptical waveguide part for aperture conversion which 
makes theconnection between part simple according to 
polymer optica] waveguide pattern formation method for 
apertureconversion which is based on this invention, in 
optical communication and optical computing system 
isdone mass production and low inexpensive, densely it 
becomes easy. Furthermore, if it uses this invention, 
case of connection becauseaperture conversion of light 
beam which becomes important becomes therealizable, 
general optics and minute optics field , various optical 
waveguide , aperture conversion function isinstalled 
easily in optical integrated circuit or optical circuitry 
sheet etc which, is used with thefield of optical 
cornmunication and optical computing densely it 
becomes possible. 
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[Brief Explanation of the Drawing(s)] 

[Figure 1] With those in order to explain polymer optical 
waveguide pattern formation method for aperture 
conversion which isbased on this invention, (a) to (f) is 
schematic diagram which shows each step. 

[Figure 2] With those in order to explain polymer optical 
waveguide pattern formation method for aperture 
conversion which isbased on this invention, (a) to (f) is 
schematic diagram which shows each step. 

[Figure 3] With those in order to explain polymer optical 
waveguide pattern formation method for aperture 
conversion which isbased on this invention, (a) to (f) is 
schematic diagram which shows each step. 

[Explanation of Reference Signs in Drawings] 

10 solution 

1 1 liquid to accumulate 

12 platform 

13 mask 

14 UV light 
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15 ridge* pattern 

16 cladding 

17 core 

Channel optical waveguide for 1 8 multiple modes 

20 solution 

21 liquid to accumulate 

22 groove 

23 optical fiber (Or semiconductor laser light source ) 

24 optical fiber (Or light receiver ) 

25 mask 

26 UV light 

27 ridge* partem 

28 cladding 

29 multiple modes channel optical waveguide 

30 solution 

31 liquid to accumulate 

32 platform 

33 mask 

34 UV light 

35 ridge* partem 

36 cladding 

37 core 

38 multiple modes channel optical waveguide 

39 polymer cladding* fiber 
200 optical waveguide element 

300 core diameter 300 mside 

301 LED 
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[Figure 1] 
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[Figure 2] 
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[Figure 3] 
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